Frequency effects in an L1 and L2 longitudinal corpus were investigated using Zipfian distribution analyses and linear curve estimations. The results demonstrated that the NS lexical input exhibited Zipfian distributions, but that the L2 lexical output did not match the NS Zipfian patterns. Word frequency analyses indicated that NS interlocutors modify their lexicon such that frequency scores decrease as a function of time that L2 learners have studied English. In contrast, the word frequency scores for the L2 output increased as a function of time. Post-hoc analyses indicated that differences in frequency scores between NS input and L2 output were best explained by the repetition of infrequent words, but not frequent words by L2 learners in the early stages of language acquisition. The results question absolute frequency interpretations of lexical acquisition for L2 learners and provide evidence for usage-based approaches for language learning.
Introduction
The frequencies of linguistic items to which second language (L2) learners are exposed have important facilitative effects in L2 acquisition (Ellis 2002 , MacWhinney 1997 . Such effects are referred to as 'frequency effects' , and theoretically relate to the common observation that the more frequently a linguistic item occurs in the language data to which an L2 learner is exposed (e.g. input), the more likely that item will be acquired by the L2 learner (Ellis 2002 , Gries 2008 . These frequency effects are based on structural regularities within language and, because frequency effects are distributional, language learning is argued to be an implicit phenomenon that is based on statistical learning premised on the strength of associations between representations (Ellis 2006a , MacWhinney 1997 .
However, frequency effects are generally not modeled simply on absolute occurrences of linguistic items within language exposure. Although absolute occurrence of an item is an important element of frequency and language acquisition, contemporary theories of language acquisition (i.e. associative learning through usage) consider frequency in terms of construction frequency, type frequency, and recency. Usage-based approaches also consider the importance of form and function in language acquisition. Thus, frequency effects in language acquisition are based on usage patterns (i.e. the more times a linguistic item is meaningfully experienced and used, the more likely it is incorporated into a language system) and not purely based on the raw frequency of a linguistic item's occurrence (i.e. absolute frequency of occurrence), although absolute frequency is an important component of language acquisition (i.e. Ziphian distributions, Ellis 2012) .
Frequency effects are argued to be common in phonology, lexis, grammar, and syntax (Ellis 2002) . The focus of this study is on frequency effects in the lexis and specifically on the absolute frequency of individual words in L2 input. We define absolute frequency as the raw occurrence of linguistic items in the absence of context. In the case of lexical items, absolute frequency refers to the raw token counts for individual words. Our hypothesis is that absolute frequency is not a strong determiner of L2 word acquisition and lexical output for beginning L2 learners. To address this hypothesis, we examine if the production of words by L2 learners is based simply on the raw frequency of exposure to words in first language (L1) input. To our knowledge, no studies have directly explored the relationship between spoken word frequency in native speaker (NS) input and spoken word frequency in L2 output. Our purpose is to reject the null hypothesis that the absolute frequency in L2 input can explain lexical production in L2 output and, in rejecting the null hypothesis, examine the possibility that other elements of a usage-based approach to language learning (e.g. forms and functions) can explain word production in L2 learners. To accomplish this, we examine data from a yearlong longitudinal study of naturalistic speech between six L2 learners and 13 NS interlocutors. The longitudinal data in this study allows us to examine absolute frequency effects in L2 acquisition over time, affording insights into the relationship between NS input and L2 acquisition (Ellis & Collins 2009) .
Our primary purpose is to investigate absolute word frequency in NS input and its effects on L2 output. Our key research questions are:
i. Do distributions of frequently shared words in NS input and L2 output follow Zipfian distributions such that the frequency of the words produced are inversely proportional to their rank on the frequency chart?
ii. Do NS modify the linguistic input they provide to L2 learners to make that input more comprehensible (i.e. use more frequent words when speaking to L2 learners at an early stage of learning)? iii. Do L2 learners produce more frequent words at an early stage as compared to a late stage of language learning as a result of exposure to more frequent words in NS input? iv. Do the words produced by L2 learners and their NS interlocutors exhibit similar frequency patterns throughout the stages of language learning?
We predict, based solely on absolute frequency effects, that frequent words shared in both NS input and L2 output will not follow the same Zipfian distributions, demonstrating no absolute frequency effects for lexical acquisition. In addition, we predict that native speakers will use more frequent words at the beginning of the study when the L2 learners have lower language proficiency. Furthermore, as L2 language proficiency increases, we predict that native speakers will use more infrequent words. Concomitantly, we predict that L2 learners' and native speakers' word frequency use will, over time, begin to align with one another.
Input and output
Input and output are important attributes of second language acquisition. Input refers to the language to which the L2 learner is exposed and often serves as linguistic evidence from which language hypotheses are formed. NS input is often modified in the form of "foreigner talk" or "teacher talk. " Both of these forms are simplified at the lexical, phonological, and syntactic levels, assumedly to facilitate comprehension and processing of linguistic features (Gaies 1983 , Hatch 1983 . Strong arguments for the role of input in L2 acquisition state that L2 acquisition relies on the quality of available input (Ellis & Collins 2009 ) and that L2 acquisition is input driven (Wulff et al. 2009 ). However, by themselves, the linguistic features contained in input cannot sufficiently explain L2 acquisition. Acquisition also depends on numerous learner-based variables such as noticing, processing, storing, and production (i.e. output).
Output is argued to allow L2 learners to move from lexical to syntactic processing and afford L2 learners the opportunity to experiment with new syntactic forms by testing hypotheses about language structure (Swain 1985) . Output may also facilitate learning in that it directs learners' attention to notice input, thus introducing the learner to new language data from which to develop linguistic knowledge. In this sense, output sensitizes learners to patterns and associations in future input (Swain 1995) . Studies investigating output in L2 learning have demonstrated that it is an important component of noticing (Izumi et al. 1999 ) and increasing the frequency (Toth 2006 ) and accuracy of use of grammatical structures (Izumi & Bigelow 2000) .
Zipfian distribution
Every level of language (i.e. phonology, morphology, lexicon, syntax, and discourse) is characterized by the disproportionate frequencies of certain individual items. Lexically, these frequencies generally follow a Zipfian (1935) distribution, with the most frequently occurring types accounting for a majority of tokens. Zipf's Law states that the frequency of any item will be inversely proportional to its rank in a frequency table. The law suggests that while learners will be exposed to thousands of different items, the items to which they are regularly exposed to will be a much smaller set of highly frequent items, which decrease in input variability. Theoretically, these distributions aid in the process of language learning due to the increased probability of form-function mapping for the more frequent items (Ellis 2006a (Ellis , 2006b MacWhinney 1997) and the simple notion that the more times one is exposed to an item the faster and more accurately it will likely be processed (Ellis 2006b ). Thus, with experience, a learner's cognitive system becomes tuned to expect linguistic items according to their raw probability of occurrence in the input (Ellis 2006a) . Practically speaking, as learners hear and read the same set of words consistently, these words are learned and produced more quickly (Mintz et al. 2002) .
There has been some evidence that L2 output follows distributional frequency effects in terms of the absolute frequency of words produced. For instance, Laufer & Nation (1995) and Bell (2003) report that lower level L2 writers produce more high frequency words than higher-level L2 learners. Similar results have been reported by Crossley et al. (2011) and by Crossley et al. (2012) , who find that more advanced L2 speakers produced less frequent words than beginning level L2 learners. These studies indicate that beginning level L2 learners are more likely to produce words to which they are infrequently exposed in terms of absolute frequency.
Conversely, Crossley et al. (2010) , focusing on spoken language in a longitudinal study, demonstrate that beginning L2 learners produced words of lower frequency early and words of a higher frequency later. Similar findings have been reported in L1 studies. For instance, high frequency words found in caretaker input are in some cases associated with a later age of acquisition among L1 children. For example, closed-class words are the most frequent category of words found in caretaker input, but the slowest to be acquired by children (Goodman et al. 2008) . Such findings would seemingly contradict absolute frequency effects in word learning, because learners would be expected to produce more frequent words early as a function of the distributional properties of the input. These findings likely, however, indicate that it may not be the raw frequency of words that is important, but rather the usage of frequent words that lead to acquisition.
Usage-based approaches to acquisition
Frequency and usage-based approaches converge under the notion that it is not the raw input that learners are exposed to that necessarily leads to acquisition, but rather how the input is patterned in conversation (Ellis 2012) . The meaningful patterns of input that occur frequently are often referred to as linguistic constructions, which are basically conventionalized form-meaning mappings. These mappings can encase units of language at the phonological, morphological, syntactic, and lexical level (Robinson & Ellis 2008 , Goldberg 2003 . Lexically, form-meaning mappings link words, idioms, and lexical phrases to their discourse or semantic functions (Ellis 2012) . The form-meaning and/or form-function mappings that occur most frequently are argued to be learned first. However, it is not only the frequency of a construction that leads to learning, but also type frequencies, and recency effects. Outside of frequency, usage-based learning also relies on the salience and perception of the item, the prototypicality of item, and the redundancy of items (Boyd & Goldberg 2009; Ellis 2006a Ellis , 2012 .
In reference to type frequency, the potential for a greater number of items to substitute into a specific slot will afford quicker acquisition of a form (e.g. the number of nouns that can be slotted before the regular plural suffix -s in English). Recency effects refer to the tendency for language to prime similar language such that exposure to a linguistic item will increase the likelihood of that item being used. The salience or perceptibility of linguistic items refers to their perceived linguistic strength with low salience cues more difficult to acquire (Ellis 2006a) . For instance, the low phonological salience of the past tense might explain why it is acquired later than the progressive aspect, which has greater salience (Boyd & Goldberg 2009 ). Prototypicality refers to the notion that some members of linguistic categories are more typical than other members. For instance, put is a prototypical verb for use in a verb-object-location construction (e.g. He put the glass on the table). Such prototypical verbs occur more frequently in specific constructions and promote the learning of the construction as well as the specific verb associated with the construction. Redundancy refers to features that are often not acquired because they are unnecessary for the interpretation of a message. For instance, verbs inflected for tense are often unnecessary for interpreting a message when temporal adverbs precede them (Ellis & Collins 2009 ).
All of these usage-based elements can work individually to assist in language acquisition or, more likely, can work together (Wulff et al. 2009 ). However, in some cases, usage-based elements may supersede exposure to language based on absolute frequency in terms of language acquisition. For instance, in the case of closed-class words as discussed above, children acquire them slowly even though they are frequent in caretaker input likely because they have low salience and may be redundant with other linguistic cues. Thus, absolute word frequency alone is not likely to explain language acquisition.
Methods
Our goal in this study is to investigate the effects of absolute word frequency in NS input to L2 learners in relation to L2 lexical production. Thus, we are interested in investigating whether absolute word frequency in L2 input has a relationship with absolute word frequency in L2 output (i.e. does an input-acquisition relationship exist? Ellis & Collins 2009) . In this manner we can test the hypothesis that L2 lexical acquisition is primarily driven by the distributional properties of words to which L2 learners are exposed (i.e. can raw word frequency alone explain lexical acquisition?).
To examine this hypothesis, we collected a longitudinal corpus of naturalistic spoken data between L2 learners and NS interlocutors. We computed the observed frequency values (i.e. frequency counts taken from the corpus itself) for the words in the input and the output at the beginning, middle, and end of the study. We then used these observed frequency values to examine if the 50 most common words shared between both NS interlocutors and L2 learners exhibited Zipfian distributions (cf. Ellis & Ferreira-Junior 2009) . We then computed word frequency scores for the input and output of the collected speech samples using external frequency values calculated from the CELEX database (Baayen et al. 1995) and the British National Corpus (BNC 2007) . We used the external frequency data to examine developmental trends in the L2 learners and potential modifications on the part of the NS interlocutors. We also compared correlational trends between L2 word frequency input and output. Thus, we looked at word frequency as a product of the longitudinal learner corpus (i.e. the observed frequencies) and as a product of larger, more representative corpus of NS language use (i.e. the CELEX database and the BNC).
Corpus
Our corpus came from six L2 learners enrolled in a year-long intensive English program at a large American university. Thirteen native speakers of English conversed with the six L2 learners about every 2 weeks (not including program and university breaks) over the one-year period. The 30 to 45 minute sessions were tape recorded and later transcribed. These transcriptions were then divided based on the participant to form the input and output corpora used in this study. The native speaker data formed our NS input corpus, while the L2 learner data formed our L2 output corpus. The L2 learners' proficiency levels were tested upon arrival to the program using internal assessments. All participants in the study tested into the lowest proficiency level, Level 1, of a 6-level program. The L2 learners' language growth was also assessed every other month through the institutional TOEFL.
Over the course of the year, the L2 learners progressed through the six levels of the program. The learners were not members of the same class, but rather dispersed among sections within a level. Each learner in the study was given a pseudonym; this paper reports on data from Eun Hui (L1 Korean), Faisal (L1 Arabic), Jalil (L1 Arabic), Kamal (L1 Arabic), Marta (L1 Spanish), and Takako (L1 Japanese). The participants ranged in age from 18 to 29 years old. None of the participants had lived in the US for longer than 3 weeks prior to the start of the study. All participants reported that they had studied English at the secondary level in their countries of origin. Because of their prior English language instruction, their low TOEFL scores (M = 388.333, SD = 49.794), and because the L2 learners tested into the beginning level of the English program, we considered them false beginners.
The 13 native speaker interlocutors were recruited from a graduate level course in second language acquisition taught at the same university. Interlocutors rotated as the year progressed and, as a result, each learner interacted with at least 3 or more interlocutors over the year of observation (M = 3.667, SD = 1.211). This rotation was necessary to control for familiarity effects between the L2 learner and the NS speaker. Not all interlocutors conducted an equal number of meetings with the L2 learners. Three interlocutors conducted only one meeting each. One interlocutor conducted 31 meetings. The average number of meetings per interlocutor was 7.615 (SD = 7.621). Participants (interlocutors and L2 learners) were given a variety of elicitation materials, but analysis of the transcripts demonstrate that the sessions were generally characterized by free conversation. However, because the purpose of the meetings was to elicit free conversation from the L2 learners, the NS input included a disproportionate number of question forms, especially at the beginning of the study when the L2 learners were less proficient in their English skills and unable to maintain conversations without assistance. The NS input to which the L2 learners were exposed in this study is taken to be illustrative of the type of naturalistic input (i.e. language found in natural and instructional settings) to which the L2 learners were typically exposed; however, we acknowledge the limitations of such an assumption, but note that controlling all NS input to which learners are exposed is impossible.
The output corpus consisted of the spoken data collected from the six L2 learners only. A total of 99 transcripts were collected. However, we only focused on 89 of these 99 transcripts. Ten transcripts were excised from the corpus because the data contained within the transcripts largely focused on picture description tasks or other elicitation tasks that were not characteristic of free conversation and, thus, not representative of naturalistic language exposure. In preparation for the analysis of the learner corpus, transcriptions of each elicitation session were cleaned to eliminate interjections and non-English words. Each elicitation session was saved as a single text file containing the words of only the L2 learner in focus and not the NS interlocutor or other learners participating in the session. The text file was manually and electronically checked for spelling errors. Descriptive data for the output corpus is presented in Table 1 .
The input corpus consisted of the spoken data collected from the native speakers when interacting with the L2 learners. We selected the 89 native speaker transcripts that matched the transcripts found in the output corpus. Like the output corpus, we cleaned the input corpus to eliminate interjections. Each session was saved as a single text file containing only the words spoken by the interlocutor in focus. Descriptive data for the input corpus is presented in Table 2 .
Word frequency indices
In addition to the observed frequency counts taken from the corpus, we also collected external frequency counts from two representative corpora of English: CELEX and the BNC.
CELEX
We selected two CELEX word frequency indices from Coh-Metrix (Graesser et al. 2004) . CELEX word frequency measurements consist of frequencies derived from the 1995 version of the COBUILD corpus, a 17.9 million word corpus. CohMetrix reports frequency values taken from the entire CELEX corpus (including both written and spoken texts) and for the spoken subset corpus contained in CELEX, which consists of 1.3 million spoken tokens. The Coh-Metrix indices calculate a mean logarithm (to the base of 10) for all the word tokens in the text except those not contained in the CELEX database. If a word in a text is not included in the CELEX corpus, it is not computed in the Coh-Metrix indices. The two indices we selected to use in this analysis were "word frequency all words" and "word frequency all spoken words". We predict that both L2 output and NS input will demonstrate decreasing word frequency trends over time.
BNC
We computed two frequency indices from Vocabprofiler (Cobb 2002) : "Percentage of level 1 words" and "Percentage of words beyond the second band". Vocabprofiler uses frequency counts from the BNC (version 3.2) to report the percentage of words in a text that occur within 1,000 word bands (i.e. the first band contains the 1,000 most frequent words in English and is considered the first level; the second band contains the next 1,000 most frequent words and could be considered the second band). The basic hypothesis behind such an approach is that low proficiency speakers will produce more words in low-level bands while high proficiency speakers will produce more words in high-level bands (Laufer & Nation 1995) . Our first index, "Percentage of level 1 words", was selected under the hypothesis that early NS input and L2 output would contain greater percentages of more frequent words. Our second index, "Percentage of words beyond the second band", was selected because the production of words beyond the first 2,000 most frequent words of English characterizes intermediate and advanced L2 speakers (Laufer 2000) .
Results
In the following sections, we present the results for the language proficiency development in our selected L2 participants (Section 3.1), the Zipfian distributional analyses (Section 3.2), the correlations between NS input and L2 output (Section 3.3), a decontextualized analysis (Section 3.4), the linear curve estimations (Sections 3.5 and 3.6), input to output correlations (Section 3.7), and posthoc analyses (Section 3.8).
Language proficiency
To investigate the development of L2 proficiency, we conducted a repeated-measures Analysis of Variance (ANOVA) using the learners' TOEFL scores to analyze whether temporal intervals affected scores. Our prediction was that as time spent learning English increased, TOEFL scores would increase. Such an analysis would provide evidence of general linguistic growth. Only four learners completed all six of the tests given over the course of the year. One learner missed the second TOEFL and another learner missed the fifth. Thus, the ANOVA for the TOEFL scores included only four testing sessions, the first, third, fourth, and sixth. The results indicated that the L2 learners' TOEFL scores increased as a function of time, F(3, 15) = 22.782, p < .001 (see Table 3 ). Within-subjects contrasts indicated that the TOEFL scores from the last examination on the 52nd week (the final TOEFL administration) were significantly different from the first examination on the sixth week (the first TOEFL administration), F(5, 15) = 33.983, p < .01. Additionally, there were significant differences in TOEFL scores between the 6th week and the 22nd week (the second TOEFL administration), F(3, 15) = 17.234, p < .01, and the 6th week and the 42nd week (the third TOEFL administration), F(3, 15) = 35.798, p < .01. There was also a significant linear trend, F(1, 25) = 40.076, p < .001. These findings provide evidence that significant L2 development likely occurred during the year of study. 
Zipfian distribution analysis
To assess whether L2 output and NS input shared similar Zipfian distribution patterns, we compared the 50 most common words shared by the NS interlocutors and L2 learners during the 1st, 27th, and 50th weeks of the study. Such an approach allowed us to investigate if L2 learners use frequent words found in the NS input more often than infrequent words. To ensure the majority of the words were content words and not function words (i.e. words that were not nouns, verbs, adjectives, or adverbs), we coded the shared words. Of the 50 words for the 1st week, 38% were function words. In the 17th week, 28% of the words were function words and in the 50th week, 36% of the words were function words. The words for each week along with their observed normed frequency of occurrence in the corpus are located in Table 4 . 
NS interlocutors
The frequency distributions of the 50 most common words shared between NS interlocutors and L2 learners for the three weeks of interest are shown in Figure 1 . The word frequency distributions for each week appear to be Zipfian in that the frequency of the words are inversely proportional to their rank on the frequency chart. To test the strength of these inverse relations, we plotted the frequency distributions as log word frequencies against log word ranks (Figure 2 ). The strength of the R 2 value that resulted from Pearson correlations between log frequency and log rank demonstrates that the distribution is a straight-line function and thus Zipfian (R 2 between .891 and .934). 
L2 learners
The frequency distributions of the 50 most common words shared between NS interlocutors and L2 learners for the three weeks of interest are shown in Figure 3 . The distributions are organized based on the rank order of the words as found in the NS interlocutors' data in Figure 1 in order to test relationships between the NS input and the L2 output. Accordingly, the first words in the charts in Figure 3 correspond to the first words in the charts in Figure 1 and so forth for each of the 50 words. When using the NS input rank order, the word frequency distributions for the L2 output do not correspond to the word frequency distributions in the 0 .6 9 8 9 7 0 0 0 4 1 .1 4 6 1 2 8 0 3 6 1 .3 6 1 7 2 7 8 3 6 1 .5 0 5 1 4 9 9 7 8 1 .6 1 2 7 8 3 8 5 7 1 .6 9 0 1 9 6 0 8 Log rank NS input word frequency Log rank NS input word frequency NS input and do not appear to demonstrate Zipfian distributions. To test if there was an inverse relationship between the word frequency and rank, we plotted the frequency distributions as log word frequency against log word rank (Figure 4) . The resulting R 2 value from Pearson correlations between frequency and rank demonstrates that the distribution is not a straight-line function and thus does not support the notion that the distribution is Zipfian (R 2 between .212 and .369).
3.3
Correlations between NS input and L2 output 
Decontextualized analysis
The initial word analyses demonstrated differences in the production of personal pronouns and question forms between the L2 output and the NS input that likely resulted from the nature of the corpus (i.e. elicited conversation). To control for 1 .3 9 7 9 4 0 0 0 9 1 .6 1 2 7 8 3 8 5 7 1 .5 1 8 5 1 3 9 4 0 .9 5 4 2 4 2 5 0 9
Figure 4. Zipfian type-token frequency distribution for 50 most commonly shared words in learners' output as compared to interlocutors' input, organized by log rank of interlocutors' input (weeks 1, 27, and 50) these lexical forms, a second Zipfian analysis was conducted on the 50 most commonly shared words in the transcripts for the 1st, 27th, and 50th week excluding first person personal pronouns (e.g. you and I) and question forms (e.g. what, do, when). Here we only report the straight-line functions for each week that resulted from plotting the observed frequency distributions as log word frequency against log word rank (see Table 5 ). The resulting R 2 values from Pearson correlations demonstrate that the distributions for the input pattern are straight-line functions while those for the output are not. Thus, the distribution of the NS input is Zipfian, but the L2 output for the same words is not Zipfian. We also report the correlations between the frequency of the shared words in the input and output. These reported moderate correlations and suggest that the frequency of occurrence for the 50 most commonly shared words (absent first person pronouns and question forms) between the NS input and L2 output are not strongly similar: Week 1, r = 0.685, p < .001, N = 50; Week 27, r = 0.632, p < .001, N = 50; Week 50, r = 0.563, p < .001, N = 50.
Linear curve estimations NS input
To investigate if the frequency values for words in NS input declined as a function of L2 learners' developing linguistic proficiency, we conducted linear curve estimates to model changes in the frequency of the words present in the NS input for the two CELEX frequency indices reported by Coh-Metrix and the two indices we computed from Vocabprofiler. A linear curve estimation affords the examination of word frequency changes as a function of time spent studying English by calculating a goodness of fit model between the frequency variable and the time variable. If native speakers are modifying their input to make it more comprehensible, the frequency of words produced by NS interlocutors (i.e. input frequency) should demonstrate significant, negative linear trends with time spent studying English as a result of fewer linguistic modifications (i.e. word simplification) made by the NS interlocutors throughout the year. Accordingly, NS would be expected to produce more high frequency words at the beginning of the year and more low frequency words at the end. The input linear trend estimates for the NS input showed that as time studying English increased, significant, negative linear trends were demonstrated for each CELEX index. However, these trends were relatively weak. No significant trends were reported for the Vocabprofiler indices (see Table 6 for more details). The CELEX indices demonstrated that the NS interlocutors tended to produce more low frequency words over time. The CELEX findings help support the notion that NS interlocutors likely modify the frequency of their words in relation to the amount of time the L2 learner has spent studying English.
Linear curve estimations L2 output
We also conducted linear curve estimates to model changes in word frequency production in L2 output using all four word frequency indices. A distributional frequency account of word learning would predict that the frequency of words produced by L2 learners would match the NS input and thus correlate negatively with the time variable. Such a finding would demonstrate that L2 learners produce more low frequency words as a function of time spent studying English (i.e. producing more high frequency words at the beginning of the year and more low frequency words at the end). However, contrary to expectations, our analysis showed that L2 learners produced more high frequency words as a function of time (per the CELEX indices). Additionally, L2 learners produced a greater percentage of level 1 words and a lower percentage of words beyond the second level as a function of time (see Table 7 for more details). The "percentage of level 1 words" explained the greatest amount of the variance for time spent studying English. These findings demonstrate that L2 learners initially produce more low frequency (rare) words and, as time spent studying English increases, L2 learners begin to use more frequent words. 
Input to output correlations
We conducted Pearson correlations between the word frequency scores in the input and output for all four selected frequency indices to examine a potential relationship between the NS input and the L2 output (see Table 8 ). Contrary to predictions, the analyses yielded only one significant correlation between word frequency scores in the NS input and the L2 output for the selected frequency indices ("percentage of words beyond second band"). However, the r value for this correlation was weak showing that L2 output and NS input have marginally similar patterns in their use of infrequent, but not frequent words. In general, the correlational findings from this analysis do not support the notion that there are strong relationships between the frequency scores of the words present in the NS interlocutor data (the NS input) and the frequency scores of the words produced by the L2 learners (the L2 output). Illustrations of the word frequency input and output correlational trends for each word frequency index are presented in Figure 5 . 
Post-hoc analyses
We conducted a series of post-hoc analyses to illuminate the findings in our initial analyses. These post-hoc analyses were precipitated by the lack of Zipfian trends in the L2 output when compared to the NS input and the unexpected finding that the L2 learners' produced more, not less, frequent words as a function of time. Such patterns did not strongly correlate with the word frequency scores in the NS input to which the learners were exposed and, thus, the findings from this data set do not lend support to a theory of word learning that is based solely on absolute frequency effects.
We hypothesize that the frequency trends reported by our indices may be the result of the indices measuring the frequency of all the words in the text (the tokens), but not the individual words (the types). Thus, in our post-hoc analyses, we investigated whether the frequency of the individual word types produced by the L2 learners decreases over time and whether this pattern matches that found in the NS interlocutor data. Additionally, we examined if the frequency trends noted in our initial analyses are the result of infrequent word repetition on the part of L2 learners at an early stage of learning. Such word repetition would not be measured by the token-based indices used in the initial analysis and may explain why word frequency values for L2 samples increase over time.
Type frequency analysis
We conducted correlation analyses between time spent studying English and word type frequency values for both the NS input and L2 output. We also conducted ttests between the frequency values of the types found in the NS input and in the L2 output. For both of these analyses, we examined frequency values for all the word types in the samples, those word types produced by three or more participants (i.e. frequent word types), and those word types produced by two or fewer participants (i.e. infrequent word types). To gather the data for this analysis, we combined the transcripts from the weeks wherein at least five L2 speakers participated. Such an approach allowed us to examine 11 weeks of data (weeks 1, 8, 10, 13, 20, 27, 30, 32, 40, 44, and 50) for both the NS input and the L2 output.
To ensure that word types produced by a plurality of the participants (i.e. three or more participants) were, in fact, more frequent, we compared the frequency values of these word types to those word types produced by 2 or fewer of the participants using the CELEX index "word frequency all words". This analysis demonstrated that words shared by three or more participants (M = 2.891, SD = 0.088) were significantly more frequent t(10) = 19.900, p < .001, than words shared by two or fewer participants (M = 1.990, SD = 0.068).
We next conducted correlational analyses between the frequency of the word types in the L2 output and NS input data. The correlations between time spent studying English and type frequency values for both NS input and L2 output demonstrated negative trends such that word types with higher frequency values were produced at the beginning of the study and word types with lower frequency values were produced toward the end of the study (supporting our original predictions). Significant correlations for the input were reported for CELEX indices in all word types and infrequent word types (those words used by two or fewer participants). No significant correlations were reported for the frequent word types condition (those words used by three or more participants). For the output, significant correlations were reported for all the CELEX indices in all the conditions (see Table 9 for details). This analysis yielded significant trends toward the production of more infrequent word types in both the NS input and L2 output as a function of time studying English.
We also tested the relationships between the frequency values of word types in the NS input to the frequency values of word types in the L2 output. For both CELEX indices, a strong relationship between word type frequency values was reported, (CELEX all words: r = 0.844, p < .001, N = 22; CELEX all spoken words: r = 0.792, p < .001, N = 22) demonstrating similar frequency trends in the word types in the NS input and the L2 output.
The t-test analyses yielded significant differences in the word frequency scores between the NS input and L2 output data for all word types, frequent word types (those produced by three or more participants), and infrequent word types (those produced by two or fewer participants). Overall, word types in the NS input had significantly higher frequency scores than word types in the L2 output in all conditions. This analysis indicates that L2 speakers produce word types with significantly lower frequency values than their NS interlocutors. Descriptive and t-test statistics for these analyses are provided in Table 10 . 
Frequent and infrequent word repetition analysis
We next examined the repetition of frequent word types (those produced by three or more participants) and infrequent word types (those produced by two or fewer participants) in both the NS input and L2 output. Our objective was to examine if infrequent words were repeated more often in the early L2 output as compared to frequent words. If such a trend were found, it would provide an explanation for why L2 learners' transcripts contain lower token word frequency scores at the beginning of the study as compared to the end. For this analysis, we created word lists for the frequent and infrequent words present in the NS input and L2 output from weeks 1, 8, 10, 13, 20, 27, 30, 32, 40, 44, and 50 . These word lists included the number of words in the text, the word types, and the number of occurrences of those word types. To analyze word repetition, we computed the average word repetition score by calculating the number of occurrences for each word token in the transcript divided by the number of total words in the transcript. We then conducted correlations between the average word repetition scores and the corresponding weeks in which they were produced. The correlation between the word repetitions and the weeks of study for the infrequent words in the L2 output was negative and significant (r = −.911, p < .001, N = 11). However, the correlation for the frequent words was positive and not significant (r = .208, p = .540, N = 11). This finding indicates that L2 learners repeat infrequent words at the beginning of the longitudinal study and the repetition of infrequent words decreases as time spent studying English increases. No such trend is noted for frequent words.
The correlation between word repetition and the weeks of study for the infrequent words in the NS input was negative and significant (r = −.866, p < .001, N = 11) as was the correlation for the frequent words (r = −.711, p < .050, N = 11). This finding indicates that NS input contains repetitions of frequent and infrequent words at the beginning of the longitudinal study, but the repetition of words, regardless of frequency, decreases as time spent studying English increases.
These findings support the notion that L2 learners repeat infrequent words more often at the beginning of the study with trends toward less repetition of infrequent words as time spent studying English increases. The same is not true for frequent words, which appear to be repeated at the same rate regardless of time spent studying English. The repetition of infrequent words by L2 learners early in the study, but not frequent words, likely explains the word frequency scores reported in the initial analysis (i.e. the production of more infrequent words at the beginning of the study and more frequent words at the end of the study). The input L2 learners receive from their NS interlocutors contains repetitions of both frequent and infrequent words early, but these word repetitions decrease as the L2 learners' time studying English increases, thus helping to explain why the NS interlocutors produce more frequent words early in the study and more infrequent words as the study continues.
Discussion
These analyses present a rather complex relationship between absolute word frequency in NS input and its connections to absolute word frequency in L2 output. The analyses demonstrate that the lexical input L2 learners are exposed to is Zipfian, but that the matching L2 output is not. Word frequency analyses based on token counts demonstrate that L2 learners produce words with lower frequency values, fewer words in the first frequency band, and more words beyond the most frequent 2,000 words at the beginning of the longitudinal study. Over time, the data show significant linear trends toward the production of words with higher frequency values, more words in the first frequency band, and fewer words beyond the most frequent 2,000 words by the end of the observation period. In general, this pattern is the reverse of what we find in the NS input; although, over time, the frequency of words in the input and in the output appears to begin to converge (see Figure 5 ). If we examine only word types, we see trends in both L2 learners and their NS interlocutors toward producing words types with lower frequency values as a function of time studying English. These trends yield strong correlations between changes in the frequency values of the word types in the NS input and L2 output over time.
Our explanation of these patterns rests on evidence that L2 learners, unlike their NS interlocutors, repeat more infrequent words early in the study with a trend towards less repetition of infrequent words by the end of the study. However, L2 learners' repetition of frequent words does not correlate with time spent studying English, resulting in lower token frequency scores as compared to the NS interlocutors, who repeat both infrequent and frequent words at the beginning of the study with a significant trend toward lower word repetition by the end of the study. The analyses of word type frequency raise further complications because they indicate that L2 learners produce words that have significantly lower frequency values than their NS interlocutors overall, even when the word types are controlled for frequency (i.e. word types produced by three or more participants and those produced by two or fewer participants).
Thus, we are left with the notion that whereas NS interlocutors move toward the production of words with lower frequency values, L2 learners move toward the production of words with higher frequency values as they become more proficient in English. While there is a weak correlation between the production of more infrequent words (described as words beyond the most frequent 2,000 words) over time between L2 learners and their interlocutors, L2 learners still produce word types with significantly lower frequency values in all conditions (all words, frequent words and infrequent words) than their NS interlocutors. Additionally, there is not strong evidence that L2 word production matches the Zipfian distribution trends found in the NS input. This is not to say that L2 output is not Zipfian (it is), but that the NS input and the L2 output for the same words do not demonstrate Zipfian distribution patterns. Thus, for the L2 learners in this study, the frequency values of the words in the NS input are not correlated to the frequency values of the words in the L2 output, indicating that the L2 learners in this study did not produce frequent words at a similar rate as their interlocutors.
To put these findings in context and to provide tangible examples, we look at the lexical output of one learner (Eun Hui) over the course of the study. We focus on the results produced by Vocabprofiler because these results better lend themselves to qualitative analysis unlike those reported by the CELEX indices. Table 11 shows the percentages of words at band 1, band 2, and band 3 and above produced by Eun Hui in the 2nd, 20th, 38th, and 50th week along with descriptive statistics for the speech samples in which the indices were computed. The descriptive statistics demonstrate an increase in the number of tokens per sample as would be expected with increasing linguistic proficiency. However, the percentage of words found in the first band demonstrates that, over time, Eun Hui begins to produce a higher percentage of words that are among the most 1,000 frequent words in English. Eun Hui also begins to produce a lower percentage of words beyond the top 2,000 most frequent words in English. Both of these findings run counter to expectations of developing linguistic competence and distributional approaches to language learning.
In Table 12 , we present all the word types and their frequencies produced by Eun Hui beyond the 2,000 most frequent words (we do not present the words from bands 1 and 2 in the interest of space) from the weeks analyzed above. For ease of processing, we combine the 18 bands (bands 3-20) into four, larger groups. The differences in the number of words produced in each transcript makes comparisons between the weeks difficult, but there is a clear pattern in the number of words produced at each band group from week 1 to week 50 (as seen in the "Band 3 and above" column 7 of Table 11 ) with fewer word types being produced in upper frequency bands as a function of time. If considering only word types, the normed frequency for number of word types above the 2,000 most frequent words (normed for 1,000 words) displays similar trends with 45 word types above the 2,000 most frequent words in the 2nd week; 24 words types above the 2,000 most frequent words in the 20th week; 17 word types above the 2,000 most frequent words in the 38th week and 8 word types above the 2,000 most frequent words in the 50th week.
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One problem with very frequent words is that they may represent complex form-function relations that are difficult to acquire (and may be less salient as a cue for learning). For instance, articles are difficult to learn because although their form is simple, their function is complicated (Pica 1983) . Phonologically, articles are also generally of low salience (Shockey 2003) . Perfect auxiliaries are also lower in phonological salience (Shockey 2003) , simpler in form, but complicated in function, and acquired later by L2 learners (Bardovi-Harlig 2000) . In contrast, question formations have a simple function, but a difficult form and may be acquired later (Gass & Mackey 2002 , McDonough & Kim 2009 . In cases such as these, a word's raw frequency may not facilitate acquisition because the associations between the word and its grammatical or syntactic form and function may be complex or phonologically less salient and thus less likely to be noticed and acquired (Ellis 2006a) . A quick, qualitative analysis of the NS input and output data from the first weeks of this study supports such assertions. Looking at only the top 50 most frequent words in both NS input and output and comparing which words are shared between the conditions demonstrates that NS interlocutors' 50 most frequent words included questions words (did, when, where) , indefinite articles (a), and perfect auxiliaries and verbs (have, been) that were not included in the top 50 words produced by the L2 learners. These words, along with other categories present in the most frequent words of the NS interlocutors, but not the L2 learners such as possessive pronouns (his, her, your) and complementizers/demonstratives (that), indicate that many words frequently produced by NS interlocutors may be infrequent in the L2 data because of their association to complex grammatical and syntactic form function relations as well as to their association with lower phonological salience.
Another potential reason for the findings in this study may be that the initial state of L2 learning is not tabula rasa, as it is with NS learners, but rather tabula repleta (Ellis 2006a (Ellis , 2006b ). Thus, we have to consider the effects of the learner's first language, which will influence word production and acquisition in a second language (Adjemian 1983 , Singleton 1999 . For example, L2 learners may produce adverbs relatively early because they often already have experience with adverbs in their first language (Bardovi-Harlig 1992) . Thus, it is highly possible that the production of infrequent words at an initial stage of L2 learning is the result of advanced lexical knowledge in the NS. L2 learners may also carry over word frequency patterns from their first language to their second. These word frequency patterns may be dissimilar and may result in L2 learners producing words that, while frequent in their first language, may not be frequent in their second language. Such tendencies may be greater in learners whose first language shares a greater number of cognates with their second language.
Conclusions
There are a few areas of L2 learning where absolute frequency interpretations seem debatable. These include implicational scales of morphosyntax (i.e. third-person singular -s; Goldschneider & DeKeyser 2001) and question formation (Gass & Mackey 2002 , McDonough & Kim 2009 ). We would add to this list the acquisition of lexical items, especially for beginning level L2 learners. As noted before, we find little evidence that the words produced by NS interlocutors and L2 learners share Zipfian distribution patterns. We also find little correlation between the frequency of words in NS input and L2 output and instead find that the frequency of words in the NS input is significantly more frequent than the L2 output. These findings are likely the result of L2 learners producing and repeating infrequent words early in their language studies. This is not to say that learners are not intuitive statisticians (Ellis 2006a (Ellis , 2006b ), but rather that the statistics learners employ are likely far more complex than simple frequency counts. As Gries (2008 Gries ( , 2010 notes, frequency of occurrence is often a flawed predictor of processing, especially in the absence of context. A primary reason for this is that the frequency is highly intercorrelated with other linguistic aspects such as saliency, recency, and concreteness. Thus, it is likely that L2 learners use a variety of linguistic properties to facilitate word learning such as context, perceptual salience, word distinctiveness, and word prototypicality. In addition, it is likely that the conditional frequency of the word within a specific construction (i.e. verb-argument constructions or tense-aspect patterns) is a better predictor of lexical acquisition than absolute word frequency (Ellis & Ferreira-Junior 2009) . Such properties should be explored in future studies, especially those lexical properties related to prototypicality that are easy to compute such as word concreteness, imagability, and familiarity. Future studies should also link word production to lexical accuracy and analyze larger longitudinal corpora, if available, to ensure the findings of this study are representative of English L2 learners as a whole and not just the participants in this study. Lastly, the data reported here could be interpreted as indicating that learners begin to approximate the Zipfian distributions found in the NS data toward the end of the study. Thus, while beginning level learners may not have the language experience necessary to produce words at similar frequencies as found in native speaker speech, with time and experience, the frequency of words in L2 output may begin to more closely match that found in L1 input. Therefore, future studies should also consider the relationship between input and output frequency for more advanced learners.
